Abstract: There are many studies that have sought to find drug therapies to prevent harm arising from sepsis. Such studies have represented a progress in the support to septic patients and also in the development of new pharmacological alternatives. Our interest was to investigate the caffeine effect on sepsis behavioural and memory impairments. Male rats were anaesthetized and the surgery was made to allow exposure of the caecum, which was then squeezed to extrude a small amount of faeces from the perforation site, which was later placed back into the peritoneal cavity. This procedure, which served to generate experimental sepsis, is herein referred to as ceccum ligation and perforation (CLP). The caffeine (10 mg/kg) was administered by gavage route, once daily, during 7 or 14 consecutive days to investigate the effects of acute or subchronic caffeine treatment on longterm behavioural and cognitive deficits induced by CLP. On the last day, 1 hr after caffeine administration, the animals were submitted to open-field, elevated plus maze (EPM), forced swimming and step-down inhibitory avoidance tests. The results showed that caffeine increased the percentage of open arm entries and open arm time in the EPM test, and reduced the immobility time when compared to the sham-operated group. The caffeine also increased the latency in the inhibitory avoidance test platform. Our results demonstrated that the caffeine improved behavioural changes and improved the neurocognitive deficits of sepsis-surviving animals. It is possible that blockage of the adenosine receptors may be responsible for the results here observed.
Sepsis is defined as a systemic inflammatory response syndrome and is characterized by an extensive inflammation of the host to infection. Due to its severity, this type of infection is one of the leading causes of death in the Intensive Care Unit, with a mortality rate of over 40-50% [1, 2] . According to the World Health Organization (WHO), sepsis is a major public health problem in Brazil, being regarded with high prevalence among hospitalized patients, emerging as a major cause of delayed hospital mortality, surpassing acute myocardial infarction and malignancy. Sepsis has high mortality in this country, reaching 65% of cases, while the world average is around 30-40%. Based on these results, a survey made by Progress study showed that mortality by sepsis in Brazil is higher than other countries such as India and Argentina [3] .
Because of its severity and the economic and social impact that is generated in the world, this type of infection and its clinical implications deserve to be studied and knowledge on sepsis should be further investigated. Thus, with regard to the problems of public health, the severity of the septic syndrome has drawn much attention from multidisciplinary research. Such research not only aims to meet the demand of public hospitals to reduce expenses, but also seeks to find solutions and establish procedures to deal with the sequelae of organic responses to systemic infections that leads to sepsis [1, 4, 5] .
The resulting conditions of sepsis, which disrupt the homeostasis of inflammatory cells, are associated with the factors that affect the individual defence cells. Thus, in its more advanced stages, the septic syndrome disturbs the body immune system, involving the inflammatory mechanisms and the clotting cascade [5] [6] [7] . Furthermore, this inflammatory response can lead to impairment of the central nervous system (CNS), which can trigger severe behavioural and cognitive changes [2, 8] .
Given the severe psychocognitive changes that sepsis may trigger, a major focus of behavioural pharmacology research in this area involves seeking alternative therapies to treat psychobehavioural disorders (such as anxiety and depression) and cognitive deficits that characterize septic encephalopathy, one of the most serious manifestations observed in survivors to sepsis [9] . Among the patients who survive sepsis, about 70% of them develop some degree of acute brain dysfunction with persistent cognitive damage, compromising memory, dysfunction in intellectual and visual function, and an evolutionary prognosis for dementia [10] . Also, it is possible to observe a putative role of inflammatory mechanisms in the pathophysiology of depression, posttraumatic stressrelated and anxiety disorders [11, 12] .
Studies conducted in the area of septic response and its possible therapies are quite comprehensive and end up involving several known pathways of the immune system and inflammatory response. Emphasis is being given to adenosinergic system, as this system acts as a homeostatic regulator of energy network, in that adenosine plays an important role in modulating immune functions, including inflammatory processes involving cytokines in the brain [13] .
Under stressful conditions, adenosine levels are elevated to protect the tissue by interaction with G-coupled receptors. In recent years, research has shown that investigations focused on the metabolism of adenosine seem to have a promising future for discoveries aimed at the treatment of sepsis. Adenosine has strong immunosuppressive effects, many of which are mediated by A2A receptors expressed on immune cells. The activation of adenosine A2A receptor inhibits the proliferation of T cells and production of proinflammatory cytokines, which contributes to the activation of the synthesis of anti-inflammatory cytokines, thereby suppressing the systemic response [14, 15] .
It is known that caffeine is involved directly to adenosine receptors, acting on different biological systems, especially the CNS [16, 17] . It is one of the most widely consumed psychoactive substances in the world, appearing on various sources of beverages (e.g. guarana, tea, coffee and chocolate) as primary daily consumption and also in different types of food [18, 19] .
Caffeine is one of the components of many combinations of medications marketed for the relief of pain symptoms (e.g. headaches) and muscle relaxants [20] . Many studies have documented its effects as an alternative to behavioural and cognitive sequelae. However, although there are several studies in the literature showing its stimulant properties, no research so far has investigated its effects on central nervous changes resulting from sepsis. Studies about improving the sequelae of sepsis survivors are of great value, especially when there is the possibility of being an easily acceptable social substance. Thus, the aim of the work described herein was to evaluate the effects of caffeine on behavioural and cognitive functions of male rats subjected to experimental sepsis.
Material and Methods
Animals. Adult male Wistar rats, 2.5 months old, 300 g, provided by the animal facility of the College Sena Aires (Valpara ıso de Goi as-GO, Brazil), were housed in 5 per group in a cage with food and water available ad libitum and were maintained on a 12-hr light/dark cycle (lights on at 7:00 a.m.) under controlled temperature (23 AE 1°C) and humidity (40-50%). The animals were allowed to adapt to the laboratory conditions for at least 1 week before the behavioural assessment. All procedures used in this study complied with the guidelines on animal care of the UNB Ethics Committee on the Use of Animals (protocol number 33880/2009) which follows the 'Principles of laboratory animal care'.
Caecal ligation and perforation surgery. The animals were subjected to Caecal ligation and perforation (CLP) as previously described [21] [22] [23] . Briefly, rats were anaesthetized with a mixture of ketamine (80 mg/kg) and xylazine (10 mg/kg), given intraperitoneally. Under aseptic conditions, a 2-cm midline laparotomy was performed to allow exposure of the caecum with the adjoining intestine. The caecum was tightly ligated with a 2.0-silk suture at its base, below the ileocaecal valve, and was perforated once with a 14-gauge needle. The caecum was then gently squeezed to extrude a small amount of faeces from the perforation site, returned to the peritoneal cavity, and the laparotomy was closed with 4.0-silk sutures. Animals were resuscitated with normal saline (50 ml/kg subcutaneously) immediately after CLP. All animals were returned to their home cages with free access to food and water. In the sham-operated group, the rats were submitted to all surgical procedures but the caecum was neither ligated nor perforated. After surgery, the sepsis group received 'basic support' (3 mg/kg gentamycin and 25 mg/kg clindamycin intraperitoneal route for 3 days).
Caffeine treatment. Caffeine (Sigma-Aldrich, St Louis, Missouri, USA) was dissolved in NaCl 0.9% (saline). The control solution consisted of saline (vehicle). The caffeine dose was administered by gavage route in a volume of 10 mg/kg of body-weight once daily during 7 or 14 consecutive days. Considering previous results from our laboratory, the dose of 10 mg/kg was the most effective in the behavioural responses. The time of 7 and 14 days was adopted as the time in which it would have discarded the most critical period of the infectious process through the use of caffeine/antibiotics. All the behavioural experiments were carried out 1 hr after the last administration. The present treatment schedule was designed to investigate the effects of acute or subchronic caffeine treatment on long-term behavioural and cognitive deficits induced by CLP.
Experimental groups. In a first study (study 1), we evaluated the effects of treatment with caffeine (10 mg/kg, gavage) during 14 consecutive days (1 week before and 1 week after sepsis induction) on the behavioural and cognitive deficits induced by sepsis. Hence, four groups of rats (n = 10 survival rats per group) were studied: (i) saline plus sham surgery, (ii) caffeine (10 mg/kg) plus sham surgery, (iii) saline plus sepsis and (iv) caffeine (10 mg/kg) plus sepsis. In a separate study (study 2), we addressed the effects of post-surgery treatment with caffeine (10 mg/kg, gavage) during 7 consecutive days (caffeine treatment started at 24 hr after sepsis induction) in the behavioural and cognitive deficits induced by sepsis. Hence, four groups of rats (n = 10 survival rats per group) were studied: (i) sham surgery plus saline, (ii) sham surgery plus caffeine (10 mg/kg), (iii) sepsis plus saline and (iv) sepsis plus caffeine (10 mg/kg). Survival rates were 100% in the sham-operated groups and 50% in the sepsis groups that received vehicle solution, which are in accordance with previous literature [24] . The repeated caffeine treatment (regardless of the schedule of administration utilized in the studies 1 and 2) did not affect the survival rate in sepsis groups.
Behavioural tests. On the day of the experiments, the animals were acclimatized in a sound-isolated room under low-intensity light (12 lux) for at least 1 hr before the experimental procedures, which were carried out between 08:00 and 12:00 to avoid circadian influence and any kind of stress that could have interfered with the animals' behaviour. The behavioural tests were conducted in independent groups of animals by an experienced experimenter who was unaware of the experimental group of the animals tested. After each trial, the apparatus was cleaned with ethanol solution (10% v/v) and dried with paper towels to avoid odour impregnation [21] [22] [23] .
Open-field test. The animals were individually placed in the centre of a wooden arena (60 9 60 9 35 cm 3 ) divided into nine quadrants (20 9 20 cm 3 ) to evaluate the number of sections crossed by the animal during 5 min. Immediately after the animal was placed in the centre of the arena, its movements were scored. Locomotor activity was considered only when the animal placed its four paws into one square [21] [22] [23] .
Elevated plus maze test. The elevated plus maze was used on the basis of its documented ability to detect both anxiolytic-and anxiogenic-like drug effects in rats [25] . Briefly, the apparatus was made of wood covered with impermeable formica and was placed 50 cm above the floor. The four arms were 50 cm long and 10 cm wide. Two opposite arms were surrounded by walls (40 cm high, closed arms), while the other two were devoid of enclosing walls (open arms) surrounded by a 1-cm high Plexiglas edge. The four arms were connected by a central platform (10 9 10 cm 2 ). Each rat was placed in the centre of the maze facing a closed arm. Whenever a rat placed all four paws onto an arm, one entry was recorded. The animals were observed for a 5-min. test period and the anxiogenic-like effects were defined as a decrease in the proportion of open arm entries divided by the total number of arm entries, and a decrease in the time spent on open arms relative to the total time spent on both arms. The total number of closed arm entries was utilized as a measure of locomotor activity.
Forced swimming test. A modified version of the forced swimming (FS) test described by Porsolt et al. [26, 27] was used. The animal was placed in a glass cylinder (30 cm in diameter and 50 cm high) containing 40 cm of water at 23 AE 1°C for 5 min., forcing the rat to either swim or float. The time spent immobile during the last 3 min. of the test was recorded. Immobility occurred when the animal stopped swimming and floated, making only small limb movements necessary to keep its head above water. After 5 min., the animal was removed from the apparatus and dried.
Inhibitory avoidance task. This apparatus was an acrylic box (50 9 25 9 25 cm 3 ), whose floor consisted of parallel stainless-steel bars (1 mm diameter) spaced 1 cm apart. A platform (7 cm wide 9 2.5 cm high) was placed on the floor against the left wall. The animals were placed on the platform, and their latency to step down on the grid with the four paws was measured with an automatic device. The animals were submitted to the inhibitory avoidance task using a protocol similar to that described previously [21, 23, 28] . During training sessions, immediately after stepping down on the grid, the animals received a 0.4-mA, 1.0-sec. scrambled foot shock. After this procedure, the animals received saline or caffeine by gavage. During test sessions, no foot shock was administered and the stepdown latency (maximum 180 sec.) was used as measure of retention. For evaluation of memory acquisition, saline or caffeine was administered prior to all these procedures, 1 hr before training sessions. To evaluate short-term memory (STM) and long-term memory (LTM), test sessions were performed 1.0 and 24 hr after training, respectively.
Statistical analysis. Data for inhibitory avoidance task are shown as median (interquartile range) of step-down latencies. Comparisons between groups were performed by Kruskal-Wallis nonparametric test followed by Dunn's multiple comparison test using the Graph Pad Prism 4.1 software (GraphPad Software Inc, La Jolla, CA, USA). The rest of data was checked by mean AE S.E.M., and the statistical analysis was carried out using one-way analysis of variance (ANOVA), following multiple post hoc comparisons of Newman-Keuls test. The accepted level of significance for the tests was p ≤ 0.05.
Results
In the open-field test, the animals' locomotion was evaluated considering the total number of quadrants traversed in a period of 5 min. Caffeine showed no statistical difference compared to controls that were administered with 2 weeks [F (3, 39) fig. 1 .
In the EPM test ( fig. 2) , the animals that survived sepsis showed significant differences compared to controls and when caffeine was administered with 2 weeks (%OAE: [F (3, 39) In the forced swimming test, the animals were evaluated for their ability to achieve the minimum movements necessary to keep properties in water ( fig. 3) . One-way ANOVA detected statistical difference between the groups with 2 weeks ([F (3, 39) = 4.321, p = 0.0106]) and with 1 week ([F (3, 39) = 9.410, p < 0.0001]) of administration of caffeine.
The inhibitory avoidance results showed that the animals that survived the experimental sepsis showed a loss of both the acquisition and retention of memory, demonstrated by decreased residence time of the animals on the platform (figs 4 and 5). Caffeine, in turn, increased the time of the animals that survived sepsis in platform with similar response observed in the controls animal sham + caffeine (p ≤ 0.05), regardless of treatment time.
Discussion
The results showed that the psychostimulant effects of caffeine can reduce levels of anxiety, depression and impairment of STM and LTM of animals that have survived the experimental sepsis without any interference on locomotor activity, suggesting that adenosinergic receptors should probably contribute, in some way, to the obtained results.
The adenosinergic system produces an effect of high complexity and has multifaceted properties in the CNS, exerting its influence on neuronal communication, so that their ligands, as an adenosine, for example, act as a universal modulator, being the main molecule involved in the co-ordination, control and synchronization of release of many synaptic mediators [16] . Under normal physiological conditions, levels of adenosine in the tissue microenvironment are relatively small and certainly less than the sensitivity threshold of the immune cells [29] . These results could probably be influencing the responses observed in this study.
In humans, several studies have shown that patients who survive sepsis have emotional symptoms such as anxiety and depression [30] . The prevalence and severity of these affective disorders in ICU survivors vary from 10 to 58% [31] . Our results with experimental animals also showed suggestive symptoms of these psychobehavioural and cognitive status. The surviving sepsis rats showed anxiety levels suggestive of anxiogenic responses which were characterized by reduced % OAE and %OAT.
Even though in the present study, neither of the schedules of caffeine treatment utilized affected the survival rate in sepsis group (50%); caffeine, in turn, when administered for 2 weeks (1 week before and 1 week after surgical procedures), blocked this anxiety response. These results appeared to be specific to the anxiolytic property, as the animals that survived sepsis increased the percentage of % OAE and %OAT without interference in locomotion test evaluated in the open field and neither in the frequency of EAE of the EPM. However, these effects were not observed when caffeine was administered only during a post-surgical procedures week.
Depression levels of the animals were also evaluated in the forced swimming test. Sepsis survivor animals displayed increased immobility time in this test, while caffeine prevented this response both when administered as an acute treatment regimen or under a subchronic treatment. These results corroborate those observed by Tuon et al. [32] that have shown similar results in their animals with 10 days after the CLP.
Comim et al. [33] also evaluated the parameters suggestive of depression in sepsis survivor rats. Therein, after the third day of surgery, the animals were treated with imipramine (10 mg/kg) for 14 days. On the 17th day, the animals were anaesthetized and blood was taken for analysis of the corticosterone and adrenocorticotrophic hormone (ACTH). The adrenal gland and hippocampus were isolated and weighed, and hippocampus was used to determine the levels of neutrophilderived factors in the brain. It was observed that septic mice had increased levels of corticosterone and ACTH and decreased levels of BDNF in the hippocampus. Treatment with imipramine reversed all parameters evaluated, suggesting that the animals presented evidence of depression, with consequent changes in the hypothalamic-pituitary adrenal axis and in the levels of BDNF in the hippocampus.
In the last five decades, the psychopharmacology of depression has evolved very rapidly. According to the monoamine theory of depression, depressive disorders may be the result of low concentrations of monoamines such as norepinephrine, serotonin and dopamine in brain areas. These various neurotransmitters are also involved in a variety of behavioural and physiological changes such as anxiety, amnesia, motor incoordination, depression, mood and seizure [34, 35] . Our results suggest that caffeine could probably have raised the level of monoamines, which favoured the antidepressant responses observed. This hypothesis, considered here, is founded on the basis of findings of adenosine probably acting on the same targets of the above-mentioned neurotransmitters, considering that when adenosine levels are reduced indicate a relation with the functional impairment caused by this disorder, which could demonstrate a potential relation in worsening of symptoms [36] .
A recent study evaluated patients who survived sepsis for 3 months after being admitted to intensive care units. It was observed that 80% of them had some degree of cognitive impairment which decreased over the course of a year. The main alteration observed was memory impairment [37] . With regard to this memory aspects, caffeine alters positively the cognitive function [38] .
The interference of caffeine in adenosinergic system, especially in the hippocampus, is due to high concentration of adenosine receptors A1 in this area. Probably, this type of receptors contributes to the increase in the potentiation of certain types of memories resulting from caffeine [39] . Based on this information, the interest also lay on evaluating the acquisition and retention of memory in rats that underwent surgical procedures. The rats surviving sepsis showed losses in both the acquisition and retention of STM and LTM, which was characterized by the reduction in the latency in the inhibitory avoidance test platform when the animals were evaluated in the maximum time of 180 sec. Caffeine prevented the deleterious responses of cognitive deficits in sepsis survivors' rats. Regardless of the time of administration of this psychoactive, the sham + caffeine animals spent more time on the platform than the sham animals that received saline.
Several other studies have also shown positive effects of caffeine in healthy animals. However, Angelucci et al. [40] observed that acute administration of low dose of the caffeine only improved the memory retention, but not the acquisition of in rats tested in the Morris water maze. In a series of studies using transgenic rats, caffeine also protected and reversed memory loss in Alzheimer's disease and its pathologies [41] . Furthermore, caffeine and caffeinated (but not decaffeinated) coffee affect plasma levels of beta-amyloid protein in rats and humans with this disease [42] . These studies concluded that the clinical trials are deficient to test the use of caffeine and caffeinated coffee, but its consumption is considered safe, low-cost and an effective therapy against Alzheimer's disease [41] .
The acute intraperitoneal treatment with caffeinated coffee, but not with decaffeinated coffee or caffeine alone increased plasma levels of stimulating factors of the granulocyte colony (FGC), interleukins 6 and 10 (IL 6 and IL 10). Only these factors increased in plasma, an observation that correlated with increased cognitive performance followed by long-term treatment with decaffeinated coffee. It was then suggested that another component of coffee potentiates caffeine to increase plasma levels of FCG, resulting in multiple therapeutic actions of coffee against Alzheimer's disease [43] .
In contrast to the results observed in this study, other authors have shown that caffeine does not appear to be responsible for the neuroprotective effects that justify the cognitive behaviour, as these can be assigned to other bioactive components such as polyphenols present in coffee, which probably can complement or enhance the effects of caffeine in the production of their beneficial actions [43] . These observations were based on a study in which a diet containing 0.165% coffee (3 cups) and 0.55% (10 cups) given to rats improved the tasks of working memory in the Morris water maze compared to rats fed controlled diets [44] .
Caffeine can improve the performance of their consumers on simple tasks, but it is unclear whether it can affect complex tasks or can interfere with alertness and orientation. Given this lack of consensus, a controlled double-blind placebo study examined the influence of this psychoactive in healthy adults. It was noted that caffeine improved the performance of both the complex as simple tasks. Furthermore, there was no conclusive evidence that caffeine's effects were dose-related, or if the influence of the habitual uses itself was involved in performance [45] .
Given the close relationship between caffeine and adenosine receptors in neuromodulation, there is a possibility that their consumption throughout life may protect against cognitive deficits associated with sequelae of survivors of sepsis [44] . Muenzer et al. [46] undertook an animal study to investigate the modulation of the immunosuppressive phase of sepsis, they used a two-step model for sepsis, or the CLP, followed by the induction of the pneumonia-causing Pseudomonas aeruginosa. It was observed that apoptosis constitutes one of the key mechanisms in the pathogenesis of sepsis leading to extensive death of lymphocytes and dendritic cells, thereby contributing to the immunosuppression that characterizes septic disorder. The current state of knowledge of the adenosinergic neuromodulator and its antagonists such as caffeine system paves the way for future research in the area of systemic infectious diseases. Although there are still open questions, it appears to be a great potential for exploring the role of receptors in adenosinergic sequelae resulting from sepsis, to develop strategies for prevention and/or treatment for this setting of systemic infection. This is based on the fact that in sepsis, the extracellular adenosine levels are in high quantities. One study hypothesis to reduce adenosine levels is aimed at adenosine receptor signalling A 2B .
Conclusions
The knowledge gathered on the impact of caffeine in systemic infectious diseases leads to the conclusion that acute or subchronic moderate consumption of caffeine dose (10 mg/kg) appears to have prophylactic and/or palliative benefits. Researches involving the adenosinergic receptors by interference of caffeine are a useful tool to investigate the pharmacological brain diseases. The current state of the art in the field of our research aim lies in understanding the targets responsible for the deleterious consequences of sepsis, especially septic encephalopathy. As such, there is still room for further research, particularly in molecular and cellular processes involving brain dysfunction.
